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%HLQJERWKHIILFLHQWDQGHFRQRPLFUDLOZD\WUDQVSRUWSOD\VDQLPSRUWDQWUROHIRUIUHWVDQGSDVVHQJHUV
WUDQVSRUWDWLRQ 1HYHUWKHOHVV GXH WR WKH ULVLQJ GHPDQG H[LVWLQJ LQIUDVWUXFWXUHV UHDFK WKHLU OLPLWV ,Q
DGGLWLRQWKHFRQFHUQGXHWRSROOXWLRQDQGJOREDOZDUPLQJOHDGWRGHYHORSPRUHHFRDZDUHWUDQVSRUWDWLRQ
V\VWHPV6LQFH LW LV YHU\FRVWO\ WRDGGQHZ LQIUDVWUXFWXUHV LW LVSUHIHUDEOH WR LPSURYH WKH WLPHWDEOHV LQ
RUGHUWRVDWLVI\PRUHFXVWRPHUV¶GHPDQG,QRUGHUWREXLOGWLPHWDEOHVLWLVQHFHVVDU\WRGHWHUPLQHUXQQLQJ
WLPHRIWKHWUDLQ)RUDOOWKHVHUHDVRQVWKHRSWLPL]DWLRQRIWUDLQWLPHWDEOHVLVDFHQWUDOLVVXH2QHRIWKH
SRVVLELOLWLHVWRWUDGHZLWKWKLVSUREOHPLVWRLPSURYHYHKLFOHVGULYLQJPDQDJHPHQW
,Q WKLVSDSHU WKHDSSURDFKSURSRVHG LVFDSDEOHRISURGXFLQJPXOWLSOH VROXWLRQVRI WUDLQFRQWURO LQD
ZD\ WKDW GHFLVLRQPDNHUV FDQ FKRRVH WKH VROXWLRQ WKH PRVW DGDSWHG WR WKHLU QHHGV )XUWKHUPRUH WKLV
DSSURDFKLQWHJUDWHVWKHHQHUJ\FRQVXPSWLRQDVDFULWHULRQWRRSWLPL]H
$FFHOHUDWLRQDQGFUXLVLQJSKDVHVSHUIRUPHGDORQJDWUDLQMRXUQH\FRQVXPHWKHPRVWSDUWRIWKHHQHUJ\
XVHG LQ UDLOZD\ WUDIILF 7KHUHIRUH D ZHOOVXLWHG VSHHG PDQDJHPHQW FRXOG UHGXFH WKLV FRQVXPSWLRQ
&RQVHTXHQWO\WKHPDLQJRDOFRQVLVWVLQGHVLJQLQJWKHPRVWVXLWHGVSHHGSURILOHVRYHUDSDWK7KHURXWHLV
GLYLGHG LQD VHTXHQFHRI VHFWLRQV LQZKLFK WKHVSHHGFDQEH WXQHG(DFKVHFWLRQ LVFKDUDFWHUL]HGE\ LWV
OHQJWKDQGLWVPD[LPDODOORZHGVSHHG
7KH ILJ UHSUHVHQWV D GHFRPSRVLWLRQ RI D MRXUQH\ LQ IRXU SKDVH¶VPRWLRQ WKLV H[DPSOH LJQRUH WKH
SUHVHQFHRIVORSHVDQGFXUYHV$FFRUGLQJWRFRQVWUDLQWVVXFKDVWKHVSHHGOLPLWDWLRQOHQJWKDQGUROOLQJ
VWRFNFKDUDFWHULVWLFVDW\SLFDOUXQQLQJEHKDYLRXUFDQEHHVWLPDWHG7KHILUVWSKDVH$FRUUHVSRQGWRDQ
DFFHOHUDWLRQIURP WRY ZLWKY WKHPD[LPXPUHDFKDEOHVSHHGDOORZHGRYHU WKHVHFWLRQE\ WKH WUDLQ
7KLVLVIROORZHGE\DFUXLVLQJ&UZKHQWKHWUDLQNHHSVLWVVSHHGFRQVWDQWDOODORQJWKHSKDVH*LYHQWKH
WUDLQLQHUWLDLWMXGLFLRXVWRVWRSWKHHQJLQHDQGXVHWKLVSURSHUW\WROHWWKHWUDLQDGYDQFHE\LWVHOIXVLQJLWV
LQLWLDO IRUFH ' /DQFLHQ  7KH VRRQHU WKLV FRDVWLQJ SKDVH &R LV SHUIRUPHG WKH JUHDWHU WKH
HFRQRP\EXWWKHODWHUWKHWUDLQHQGVLWMRXUQH\)LQDOO\WKHWUDLQKDVWREUDNHLQRUGHUWRVWRSDWWKHHQGRI
WKHVHFWLRQ%,IWKHWUDLQLVGULYHQIROORZLQJWKHVSHHGOLPLWDWLRQVLWDUULYHVDVHDUO\DVSRVVLEOHEXWLW
QHHGV D KXJHTXDQWLW\RI HQHUJ\7KXV WKHPDLQJRDO RI WKH DSSURDFK LV WRSURSRVH WUDGHRIIV EHWZHHQ
WKRVHWZRFULWHULD

)LJ6SHHGSURILOHRYHUDVHFWLRQLQIRXUVWHS$DFFHOHUDWLRQ&UFUXLVLQJ&RFRDVWLQJDQG%EUDNLQJ
(YHQLIZRUNRQWKHFRPSXWDWLRQRIVSHHGWXQLQJVROXWLRQH[LVWV7.$OEUHFKW5/LX
WKHUHLVRQO\IHZPXOWLREMHFWLYHDSSURDFKHV&&KDQJ3)OHPLQJDQGDVIDUDVZHNQRZ
WKHUHDUHIHZHUXVLQJWKHHQHUJ\FRQVXPSWLRQDVFULWHULRQ$%LQGHU
+HQFH WKLV SDSHUSURSRVHV DQ LPSURYHPHQW RI D SUHYLRXVZRUN 5&KHYULHU  ,W GHDOVZLWK D
PXOWLREMHFWLYHVRSWLPL]DWLRQRI VSHHG WXQLQJ UHJDUGLQJERWKHQHUJ\VDYLQJDQG MRXUQH\GXUDWLRQ%RWK
FULWHULDDUHWREHPLQLPL]HGXVLQJ3DUHWRDSSURDFKDQGDQHYROXWLRQDU\DOJRULWKP,WKDVWREHQRWHGWKDW
WUDLQGULYLQJHUJRQRPLFFRQVWUDLQWVDUHQRWFRQVLGHUHGDQGDUHEH\RQGWKHVFRSHRIWKLVSDSHU
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ZKLFKWKHPRWLRQFDQEHFDOFXODWHG
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:LWK ȡ WKH URWDWLRQDO LQHUWLD FRHIILFLHQW UHSUHVHQWLQJ HIIRUW FRQVXPHG E\ WKH URWDWLQJ SDUWV RI WKH
YHKLFOH
7UDFWLYHHIIRUW
,QRUGHUWRDFFHOHUDWH WKHYHKLFOHPXVWWUDQVIHUD IRUFHWRWKHZKHHOV ODUJHUWKDQWKHUHVLVWDQFH7KLV
WUDFWLYH HIIRUW )7 LV FDOFXODWHG XVLQJ WKH YHKLFOH WUDFWLYH HIIRUW  VSHHG GLDJUDP ZKLFK GHSHQGV RQ
VHYHUDO FRQGLWLRQV VXFK DV WUDLQ VSHHG DGKHVLRQ FRQGLWLRQ RU SRZHU VXSSOLHG E\ WKH FDWHQDU\ 7KH
H[SUHVVLRQRIUHVLVWDQFHWRDFFHOHUDWLRQLV
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,QRUGHUWRVLPXODWHDEUDNLQJEHKDYLRUFRPSOHWHO\PDQ\SDUDPHWHUVVKRXOGEHFRQVLGHUHGOLNHVHWXS
WLPHIRUSQHXPDWLFEUDNLQJGHYLFHRUEUDNLQJRIHDFKUROOLQJVWRFN%HFDXVHRIWKRVHFRQGLWLRQVWKHWUDLQ
EUDNLQJ EHKDYLRU LV PRGHOHG ZLWK D FRQVWDQW EUDNLQJ GHFHOHUDWLRQ 7KH SDUDPHWHUV XVHG DUH WKRVH
SURSRVHGLQWKHOLWHUDWXUH2%UQJHU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2QHRIWKHPRVWLPSRUWDQWORVVHVRIHQHUJ\LVWKHUXQQLQJUHVLVWDQFHVXFKDVDLUGUDJDQGIULFWLRQV7KLV
GHSHQGV RQ ERWK SK\VLFDO SURSHUWLHV RI WKH YHKLFOH DQG LWV VSHHG9HKLFOH UHVLVWDQFH FDQ EH FDOFXODWHG
XVLQJDQHPSLULFDOH[SUHVVLRQDVIROORZVNQRZQDVWKH'DYLVIRUPXODZLWKPDVVLQFOXGHG
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:KHUH$%DQG&DUHJLYHQYDOXHVDVVRFLDWHGZLWKHDFKYHKLFOH
7UDFNSURILOH
9DULDWLRQRIJUDGLHQWDQGFXUYHFDXVHVFKDQJHVLQWKHVSHHGOLPLWDWLRQRIWKHWUDFN,WDOVRDIIHFWVWKH
OLQHUHVLVWDQFHDQGE\WKHZD\WKHHQHUJ\FRQVXPSWLRQ$VDFXUYHFRXOGEHFRQVLGHUHGDVDVORSHIRUWKH
UHVLVWDQFH FDOFXODWLRQ 2%UQJHU  WKH ZHLJKW IRUFH RQ D VORSH RI JUDGLHQW Ȗ DQG D FXUYH ZLWK
UDGLXVULVDSSUR[LPDWHGE\
)5OW PÂJÂȖWUW  
3UREOHPGHILQLWLRQ
2EMHFWLYHVIRUPXODWLRQ
7KH SUREOHP FDQ EH GHVFULEHG DV D VHW ĭ   ĳΌǡ ĳ΍ RI WZR REMHFWLYH IXQFWLRQV WR PLQLPL]H
)XQFWLRQĳΌ LVWKHPLQLPL]DWLRQRIWKHMRXUQH\GXUDWLRQ ሺWHQG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
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0RGHOSURSRVHG
7KH PRGHO SURSRVHG DLPV WR EXLOG D VSHHG SURILOH RYHU HDFK VHFWLRQ ,Q RUGHU WR KDYH D VKRUW
UHSUHVHQWDWLRQRIWKHVSHHGSURILOHHDFKVHFWLRQLVGLYLGHGLQWRWZRSKDVHVWKHHQHUJ\FRQVXPLQJSKDVH
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DQGWKHHQHUJ\IUHHSKDVH2QWKHRQHKDQGLQWKHHQHUJ\FRQVXPLQJSKDVHWKHWUDLQFDQRQO\SHUIRUP
HQHUJ\FRQVXPLQJPRWLRQLHDFFHOHUDWLRQDQGFUXLVLQJPRWLRQ2QWKHRWKHUKDQGFRDVWLQJDQGEUDNLQJ
DUHGRQHLQWKHHQHUJ\IUHHSKDVH:LWKWKHDLPRIVSOLWWLQJVHFWLRQLYDULDEOHVVLLVLQWURGXFHG)URPWKLV
SRVLWLRQWKHFUXLVLQJSKDVHFDQEHVWDUWHG/HWYLEHWKHFUXLVLQJVSHHG)LQDOO\DVROXWLRQLVUHSUHVHQWHG
ZLWKWZRYDULDEOHVSHUVHFWLRQ7KHLQLWLDODQGILQDOVSHHGVDUHVHWWRQLOLQRUGHUWRUHSUHVHQWDVWRSLQD
VWDWLRQ



)LJ'HFRPSRVLWLRQRIDVHFWLRQLQWZRSKDVHV
6HFWLRQ  6HFWLRQL  6HFWLRQQ
V Y « VL YL « VQ YQ
)LJ6ROXWLRQSDWWHUQDSDLUVLYLIRUHDFKVHFWLRQL
6ROXWLRQDVVHVVPHQW
7KHVROXWLRQYHFWRULVHYDOXDWHGE\DQXPHULFDOPHWKRG(XOHUPHWKRGLQRUGHUWRVROYHHTXDWLRQIRU
WUDLQPRWLRQ%HFDXVH RI WKH GLIILFXOW\ WR GHDOZLWK WKH DQDO\WLFDO IRUP XVLQJ H[DFWPHWKRGV LV QRW DQ
RSWLRQ %\ WKH ZD\ (XOHU PHWKRG SURYLGHV VXIILFLHQWO\ JRRG DSSUR[LPDWH YDOXHV IRU WUDYHO WLPH
REMHFWLYHĳDQGHQHUJ\FRQVXPSWLRQREMHFWLYHĳ
(QHUJ\FRQVXPLQJSKDVH
,QWKHHQWHULQJSKDVHLIYLYLWKHQWKHWUDLQKDVWRDFFHOHUDWHWRUHDFKWKHVSHHGYL,ILWLVQRWSRVVLEOH
RULIYLLVUHDFKHGDIWHUWKHHQGRIWKHVHFWLRQWKHVROXWLRQLVPDUNHGDVQRWIHDVLEOH,QWKLVSKDVHWKHWUDLQ
DFFHOHUDWHVDWIXOOSRZHULQRUGHUWRUHGXFHHQHUJ\FRQVXPSWLRQ
%\WKHQZKHQYLLVUHDFKHGWKHWUDLQFUXLVHVDWWKLVVSHHGXQWLOLWUHDFKHVWKHSRVLWLRQVL

 
)LJDFUXLVLQJDORQJWKHSKDVHEDFFHOHUDWLRQWKHQFUXLVLQJXQWLOV

(QHUJ\IUHHSKDVH
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$W WKH EHJLQQLQJ RI WKH VHFRQG SKDVH WKH WUDLQ LV DW SRVLWLRQ VL DQG PRYHV DW VSHHG YL )URP WKLV
SRVLWLRQ WKHWUDLQFRDVWVDORQJWKHVHFWLRQXQWLO LWVHQG,IDW WKHHQGRIWKHVHFWLRQWKHFXUUHQWVSHHGLV
JUHDWHUWKDQWKHQH[WVHFWLRQVSHHGYLWKHFRDVWLQJLVLQWHUUXSWHGE\DEUDNLQJLQRUGHUWRGHFUHDVHWKH
VSHHGWRYL

 
)LJDFRDVWLQJDORQJWKHSKDVHEFRDVWLQJLQWHUUXSWHGWRUHDFKYL
0HWKRGVXVHGWRVROYHWKH673
0XOWLREMHFWLYH2SWLPL]DWLRQ
$JHQHUDO0XOWLREMHFWLYH&RPELQDWRULDO2SWLPL]DWLRQ3UREOHPFDQEHGHILQHGE\DVHWRIQREMHFWLYH
IXQFWLRQVI II«IQDVHW8RIIHDVLEOHVROXWLRQVLQWKHGHFLVLRQVSDFH/HW=EHWKHVHWRIIHDVLEOH
SRLQWVLQWKHREMHFWLYHVSDFH=؝I8:LWKRXWORVVRIJHQHUDOLW\ZHKHUHDVVXPHWKDWHDFKREMHFWLYH
IXQFWLRQLVWREHPLQLPL]HG7RHDFKVROXWLRQXę8LVDVVLJQHGDQREMHFWLYHYHFWRUę=RQWKHEDVLVRI
WKHYHFWRUIXQFWLRQI8ĺ=ZLWK IX IXIX«IQXDVLOOXVWUDWHGLQILJ
$QREMHFWLYHYHFWRUę=LVVDLGWRGRPLQDWHDQRWKHUREMHFWLYHYHFWRU̵ę=LII׊Lę^«Q`

DQG׌Mę^«Q`VXFKWKDW
$QREMHFWLYHYHFWRUę=LVVDLGWREHQRQGRPLQDWHGLII
QR RWKHU REMHFWLYH YHFWRU 
ę = H[LVWV VXFK WKDW 
 GRPLQDWHV  %\ H[WHQVLRQ D VROXWLRQ Xę 8
GRPLQDWHVDVROXWLRQX¶ę8ZKHQ IXGRPLQDWHVǯ IX¶
$VROXWLRQXę8LVVDLGWREHHIILFLHQW3DUHWRRSWLPDOLILWVPDSSLQJLQWKHREMHFWLYHVSDFHUHVXOWVLQ
DQRQGRPLQDWHGSRLQW


)LJ  5HSUHVHQWDWLRQ RI D VROXWLRQ [[ LQ WKH GHFLVLRQ VSDFH DQG WKH FRUUHVSRQGLQJ YDOXHV LQ WKH REMHFWLYH VSDFH
\\\ I[[7KHVKDGHVVXUIDFHVDUHWKH3DUHWRVROXWLRQV
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(YROXWLRQDU\DOJRULWKPV
:KHQ ILQGLQJ D VHW RI RSWLPDO VROXWLRQ LV QRW DQ RSWLRQ HJ UHJDUGLQJ WR WKH FRPSXWDWLRQ WLPH
SRSXODWLRQEDVHGPHWDKHXULVWLFVLQJHQHUDODQGHYROXWLRQDU\DOJRULWKPVLQSDUWLFXODUDUHFRPPRQO\XVHG
WRWKLVHQGDVWKH\DUHFDSDEOHRIILQGLQJPXOWLSOHDQGZHOOVSUHDGQRQGRPLQDWHGVROXWLRQVLQDVLQJOH
UXQ.'HE(*7DOEL7KRVHPHWKRGVXVHDQLQLWLDOSRSXODWLRQRIVROXWLRQVWKDWHYROYHV
GXULQJPDQ\LWHUDWLRQV7ZRYDULDWLRQRSHUDWRUVSHUIRUPWKHHYROXWLRQDFURVVRYHURSHUDWRUUHFRPELQHV
SDLUZLVHLQGLYLGXDOVDQGDPXWDWLRQGLYHUVLILHVWKHSRSXODWLRQZKLOHUDQGRPO\PRGLI\LQJVROXWLRQV
$WHDFKLWHUDWLRQWKHZRUVWVROXWLRQVDUHUHSODFHGZLWKQHZRQHVGHULYHGIURPWKHSUHYLRXVSRSXODWLRQ
6ROXWLRQPDUNHGDVXQIHDVLEOHDUHDOVRGURSSHGGXULQJWKHSRSXODWLRQUHSODFHPHQW

$OJRULWKP&DQRQLFDOHYROXWLRQDU\DOJRULWKP
3RSXODWLRQLQLWLDOL]DWLRQ3
(YDOXDWH3
:KHQVWRSSLQJFULWHULRQQRWUHDFKHGGR
 %UHHGQHZVROXWLRQVIURP3L
(YDOXDWHHDFKQHZVROXWLRQ
6HOHFWVROXWLRQIRUUHSODFHPHQWLQ3L
(QG

$VWDWHRIWKHDUWPXOWLREMHFWLYHHYROXWLRQDU\DOJRULWKPKDVEHHQXVHG,QGLFDWRU%DVHG(YROXWLRQDU\
$OJRULWKP,%($(=LW]OHU7KHPDLQLGHDEHKLQGWKLVPHWKRGLVWRLQWURGXFHTXDOLW\LQGLFDWRU
EHWZHHQDVROXWLRQDQGWKHSRSXODWLRQ
,QLWLDOL]DWLRQSURFHVV
,Q RUGHU WR DYRLG XQIHDVLEOH VROXWLRQV DW WKH EHJLQQLQJ RI WKH RSWLPL]DWLRQ SURFHVV D VSHFLILF
LQLWLDOL]DWLRQVWUDWHJ\ LV LQWURGXFHG,WEHJLQVZLWK WKHFRPSXWDWLRQRIWKHIDVWHVWVSHHGSURILOH6RDVWR
FRPSXWHWKLVVROXWLRQIRUHDFKVHFWLRQLFUXLVLQJVSHHGLVVHWDVIDVWDVSRVVLEOHYL YLPD[DQGQRHQHUJ\
IUHHSKDVHLVLQVHUWHGVL V;L7KHQWKLVVROXWLRQLVGHJUDGHGZLWKGHFUHDVLQJVLDQGYL7KLVILUVWVROXWLRQ
LVXVHGDVD UHIHUHQFH IRU IXUWKHUFRPSDULVRQVZLWK WKHRWKHU VROXWLRQV IRUDVVHVVLQJHQHUJ\VDYLQJDQG
WUDYHOGXUDWLRQFULWHULD
9DULDWLRQRSHUDWRUV
7RGHDOZLWKFRQWLQXRXVSUREOHPVYDULDWLRQRSHUDWRUVVSHFLILFDOO\GHVLJQHGIRU WKLVNLQGRISUREOHP
DUHQHFHVVDU\VXFKDVDSRO\QRPLDOPXWDWLRQDQGWKH6LPXODWHG%LQDU\&URVVRYHU.'HE
([SHULPHQWDOUHVXOWV
,PSOHPHQWDWLRQDQG3DUDPHWHUVVHWWLQJ
$OOWKHH[SHULPHQWVDUHSHUIRUPHGRQD4XDG&RUH;HRQZLWK*+]&38DQG*L%PHPRU\DQGDOO
WKH DOJRULWKPV DUH LPSOHPHQWHG LQ & XVLQJ WKH 3DUDGLV(2 IUDPHZRUN $ /LHIRRJKH  $
3131 Aurelien Lejeune et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3124 – 3133 
SRSXODWLRQRILQGLYLGXDOVHYROYHVRYHUVHFRQGV&URVVRYHUDQGPXWDWLRQUDWHVDUHUHVSHFWLYHO\
DQG
&DVHVWXG\
7KHUHDOOLIHFDVHVWXG\SURYLGHGKHUHFRQFHUQVDQRXWZDUGDQGDQLQZDUGMRXUQH\RYHUD)UHQFKOLQH
IURP6DLQWeWLHQQH WR5LYHGH*LHUV 7KLV H[DPSOHZDV FKRVHQ LQ RUGHU WR HYDOXDWH WKH LPSDFW RI WKH
WRSRJUDSK\RQWKHWUDLQPRWLRQ

)LJ6WeWLHQQH5LYHGH*LHUVOLQHWRSRJUDSK\GHVFULSWLRQ 
,Q WKH RXWZDUG MRXUQH\ IURP 6WeWLHQQH WR 5LYHGH*LHUV WKH JUDGLHQW LVPRVWO\ QHJDWLYH $V LW LV
VKRZQLQILJDWKLVFRQGLWLRQDOORZVWKHLQWURGXFWLRQRIFRDVWLQJSKDVHVWRSHUIRUPDFFHOHUDWLRQ7KH
VROXWLRQ$LVXVHGDVWKHUHIHUHQFHVROXWLRQZLWKDWUDYHOWLPHRIV7KHVROXWLRQ$DQG$VDYH
UHVSRIHQHUJ\E\LQFUHDVLQJWKHWLPHE\UHVSFRPSDUHGWRWKHVROXWLRQ$,QVROXWLRQ
$ D EUDNLQJ FDQ EH REVHUYHG EHIRUH WKH WKLUG VHFWLRQ DURXQG SRVLWLRQ  ZKHUHDV LW LV QRW
QHFHVVDU\7KLVLVGXHWRWKHVWRFKDVWLFQDWXUHRIWKHPHWKRGDQGWKDWZRXOGQHHGDSRVWRSWLPL]DWLRQWKDW
ZHZLOOGHYHORSLQWKHIXWXUH,WFDQEHQRWHGWKDWWKHIROORZLQJDFFHOHUDWLRQLVGXHWRDFRDVWLQJRYHUD
JUDGLHQWVXIILFLHQWO\QHJDWLYHWKHUHIRUHQRHQHUJ\LVORVW
)LJEVKRZVWKHLPSURYHPHQWRIWKH3DUHWRIURQWFRPSDUHGWRWKHRQHREWDLQHGZLWKWKHSUHYLRXV
PRGHO&KHYULHULQWKHVDPHFRPSXWDWLRQWLPH

  
)LJ6WeWLHQQH±RXWZDUGMRXUQH\DH[DPSOHVRIVSHHGWXQLQJEGLVWULEXWLRQRIVROXWLRQVRYHUWKHREMHFWLYHVVSDFH
)RUWKHLQZDUGMRXUQH\WKHVROXWLRQVREWDLQHGDUHIDUPRUHHQHUJ\FRQVXPLQJGXHWRDPRVWO\SRVLWLYH
JUDGLHQWDOO DORQJ WKHSDWK7KHUHIRUH WKH WUDLQPXVWSURGXFHPRUHHIIRUW WRDFFHOHUDWH RUPDLQWDLQ WKH
VSHHG$VLWLVVXPPDUL]HGLQWKHWDEOHKDYLQJDWLPHGHYLDQFHLPSOLHVRQO\HQHUJ\VDYHG%
$QGIRU%LIHQHUJ\LVVDYHGWKHWUDLQKDYHGHYLDWLRQZLWKWKHVKRUWHVWWLPH
3132   Aurelien Lejeune et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3124 – 3133 
7DEOH6WeWLHQQH±LQZDUGMRXUQH\VHYHUDOVROXWLRQV
6ROXWLRQ 7UDYHOWLPHV 7UDYHOWLPHGHYLDWLRQ
'LIIHUHQFHZLWK%
(QHUJ\FRQVXPHG0- (QHUJ\VDYHG
'LIIHUHQFHZLWK%
%    
%    
%    

2Q ILJXUH WKHK\SHUYROXPHLQGLFDWRU (=L]WOHUVKRZV WKHHYROXWLRQRI WKHTXDOLW\RI WKH
VROXWLRQVDORQJWLPH6LQFHWKHREMHFWLYHIXQFWLRQVKDYHWREHPLQLPL]HGWKHVPDOOHUWKHLQGLFDWRUVWKH
EHWWHU WKHTXDOLW\RI WKH VROXWLRQV7KHRXWFRPHV FOHDUO\ VKRZEHWWHU UHVXOWV IRU WKHSURSRVHG DSSURDFK
FRPSDUHGWRWKHSUHYLRXVRQH
 
 
)LJ$YHUDJHHYROXWLRQRITXDOLW\RIVROXWLRQRQDRXWZDUGDQGELQZDUGMRXUQH\
&RQFOXVLRQDQGSHUVSHFWLYHV
,Q WKLV SDSHU D PXOWLREMHFWLYH HYROXWLRQDU\ PRGHO SURSRVHG IRU VSHHG WXQLQJ LV FRPSDUHG WR D
SUHYLRXVRQHSXEOLVKHGLQ&KHYULHU7KRVHDSSURDFKHVDUHFDSDEOHRISURSRVLQJDVHWRIWUDGHRIIV
EHWZHHQ MRXUQH\ GXUDWLRQ DQG HQHUJ\ FRQVXPSWLRQ 7KH QHZ PRGHO LQWURGXFHV SDLUV RI YDULDEOHV WR
GHWHUPLQH WKH LQVHUWLRQRIDFRDVWLQJ,WDOVREXLOGV OHVVXQIHDVLEOHVROXWLRQVWKDQWKHSUHYLRXVRQH7KH
VWXG\FDVHGHPRQVWUDWHVWKHHIIHFWLYHQHVVRIWKLVPRGHOFRPSDUHGWRWKHSUHYLRXVRQH
7KHIXWXUHGHYHORSPHQWVZLOOIRFXVRQXVLQJWKLVPRGHOLQDPXOWLWUDLQDSSURDFKLQRUGHUWRFRPSXWHV
DVHWRIHFRDZDUHWLPHWDEOHVDFFRXQWLQJIRUFRQVWUDLQWVRFFXUULQJLQKLJKGHQVLW\MXQFWLRQV
5HIHUHQFHV
7$OEUHFKW(QHUJ\(IILFLHQW7UDLQ2SHUDWLRQ,Q,$+DQVHQ-3DFKO(GV5DLOZD\7LPHWDEOH	7UDIILF$QDO\VLV±
0RGHOOLQJ±6LPXODWLRQSS±(XUDLOSUHVV

$%LQGHU7$OEUHFKW&*DVVHO$SSOLFDWLRQRI0XOWL&ULWHULD2SWLPL]DWLRQ7HFKQLTXHVIRU'LVSDWFKLQJLQ&RQIOLFW
6LWXDWLRQV,QWK(XURSHDQ&RQIHUHQFHRQ2SHUDWLRQDO5HVHDUFK/LVERQSS

2%UQJHU('DKOKDXV5XQQLQJ7LPH(VWLPDWLRQ,Q,$+DQVHQ-3DFKO(GV5DLOZD\7LPHWDEOH	7UDIILF$QDO\VLV±
0RGHOOLQJ±6LPXODWLRQSS±(XUDLOSUHVV
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
&&KDQJ';X+4XHN3DUHWRRSWLPDOVHWEDVHGPXOWLREMHFWLYHWXQLQJRIIX]]\DXWRPDWLFWUDLQRSHUDWLRQIRUPDVV
WUDQVLWV\VWHP,Q,(((3URFHGLQJ(OHFWULF3RZHU$SSOLFDWLRQVSS±

5&KHYULHU$QHYROXWLRQDU\PXOWLREMHFWLYHDSSURDFKIRUVSHHGWXQLQJRSWLPL]DWLRQZLWKHQHUJ\VDYLQJLQUDLOZD\
PDQDJHPHQW,Q,76&¶WK,QW,(((&RQIRQ,QWHOOLJHQW7UDQVSRUWDWLRQ6\VWHPV0DGHLUD3RUWXJDOSS±

.'HE5%$JUDZDO6LPXODWHGELQDU\FURVVRYHUIRUFRQWLQXRXVVHDUFKVSDFH7HFK5HS,,7.0(60',QGLDQ
,QVWLWXWHRI7HFKQRORJ\.DQSXU

.'HE0XOWLREMHFWLYH2SWLPL]DWLRQXVLQJ(YROXWLRQDU\$OJRULWKPV:LOH\S

3-)OHPLQJ53XUVKRXVH(YROXWLRQDU\DOJRULWKPVLQFRQWUROV\VWHPVHQJLQHHULQJ$VXUYH\&RQWURO(QJLQHHULQJ
3UDFWLFH

'/DQFLHQ0)RQWDLQH&DOFXOVGHPDUFKHGHWUDLQO¶pQHUJLHGHWUDFWLRQ±OHSURJUDPPH0$5(&2,Q5HYXH*pQpUDOGHV
&KHPLQVGH)HUSS±
 
$/HIRRJKH/-RXUGDQ(*7DOEL$XQLILHGPRGHOIRUHYROXWLRQDU\PXOWLREMHFWLYHRSWLPL]DWLRQDQGLWVLPSOHPHQWDWLRQ
LQDJHQHUDOSXUSRVHVRIWZDUHIUDPHZRUN3DUDGLV(202(25HV5HS55,15,$

5/LX,*RORYLWFKHU(QHUJ\HIILFLHQWWUDLQFRQWURO7UDQVSRUWDWLRQ5HVHDUFKSDUW$SS±

(*7DOEL0HWDKHXULVWLFVIURPGHVLJQWRLPSOHPHQWDWLRQ:KLOH\S

(=LW]OHU6.Q]OL,QGLFDWRUEDVHGVHOHFWLRQLQPXOWLREMHFWLYHVHDUFK,Q3DUDOOHO3UREOHP6ROYLQJIURP1DWXUH±3361
Đ9RO6SULQJHU%HUOLQ+HLGHOEHUJSS±
